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CAMERA 

BACKGROTJNn OF THF. TNVFNTTON 

Field of the Invention 

The present invention relates generally to a camera, and more particularly 
to a camera that converts light into electric signals with an imaging device and 
displays a captured image on a displaying device such as a liquid crystal monitor. 

Description of Related Art 

Japanese patent provisional publication No. 4-324767 discloses a TV 
camera device that has an imaging device (CCD) with a shutter and an amplifier 
whose gain is variable. The TV camera device determines a brightness level of 
video signals on the field-by-field basis, and controls the shutter speed and the 
gain of the amplifier to obtain appropriate video signals. 

Japanese patent provisional publication No. 6-54238 discloses a video 
camera that has a variable gain amplifier circuit for adjusting a brightness level 
of video signals to be outputted to a viewfmder. The video camera inputs the 
video signals obtained by an imaging system to a microcomputer, which 
determines the brightness level. The video camera controls the gain according 
to the brightness to obtain appropriate video signals. 

However, in a method where a gain is controlled, if the gain is corrected 
beyond its effective level, the SN ratio is greatly lowered to make the image 
uneasy to see. For this reason, in the above methods, the correction of the 
video signals is fmished before the SN ratio is lowered, and thus the image is not 
easy to see. 

To address this problem, a digital camera with a displaying device such 



as a liquid crystal monitor has a switch for adjusting the brightness of the image 
on the displaying device. The user manually controls the brightness of the 
image with the switch when the subject is dark. 

SU MMARY OF THF, TNVRNTTON 

In view of the foregoing, it is an object of the present invention to 
provide a camera that can automatically adjust a brightness of an image 
displayed on a displaying device to make the image easy to see without lowering 
an SN ratio and to make the camera easy to operate. 

To achieve the above-mentioned object, the present invention is directed 
to a camera that captures an image with an imaging part and displays the image 
on a displaying device, wherein the camera determines a brightness level of 
video signals obtained by the imaging part and automatically corrects the video 
signals according to the determined brightness level and outputs the corrected 
video signals to the displaying device. 

According to the present invention, the camera corrects the video signals 
according to the determined brightness level and outputs the corrected video 
signals to the displaying device. Thus, the brightness level of the video signals 
is automatically adjusted when the subject is dark, and this makes the image easy 
to see. The displaying device may be a liquid crystal display, a viewfmder or 
the like. It may be incorporated in the camera body, and it may be separate 
from the camera body and able to communicate with the camera by wire or 
wireless through a signal transmitting device. 

To achieve the above-mentioned object, the present invention is directed 
to a camera comprising: an imaging part that includes imaging devices; a signal 
processing part that processes signals outputted from the imaging part; a 
brightness determining part that receives video signals outputted from the signal 
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processing part and determines a brightness level of the received video signals; a 
correction amount determining part that determines a correction amount for the 
video signals according to the brightness level of the video signals determined by 
the brightness determining part; a correcting part that corrects the video signals 
according to the correction amount determined by the correction amount 
determining part; and an outputting part that outputs video signals corrected by 
the correction part to a displaying device. 

A data table showing the relationship between the correction amount and 
the brightness level may be stored in a storage device such as a memory so that 
the correction amount is found from the data table according to the brightness 
level. 

The signal processing part may comprise an A/D converter that converts 
the signals outputted from the imaging part into digital signals, and a D/A 
converter that converts the video signals corrected by the correcting part into 
analog signals, and the correcting part may correct the video signals before the 
video signals are converted into the analog signals by the D/A converter. In this 
case, a conventional variable gain amplifier can be omitted to decrease the cost 
since the correcting part corrects the video signals before the D/A conversion, 
and the camera can make the image easy to see without lowering the SN ratio. 

To achieve the above-mentioned object, the present invention is directed 
to a camera comprising: an imaging part that includes imaging devices; a 
variable gain amplifier that amplifies signals outputted from the imaging part; a 
signal processing part that processes signals amplified by the variable gain 
amplifier; a brightness determining part that receives video signals outputted 
from the signal processing part and determines a brightness level of the received 
video signals; a gain controlling part that controls a gain of the variable gain 
amplifier according to the brightness level of the video signals; a correction 
amount determining part that determines a correction amount for the video 
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signals according to the brightness level of the video signals determined by the 
brightness determinmg part; a correcting part that corrects the video signals 
according to the correction amount determined by the correction amount 
determining part; and an outputting part that outputs video signals corrected by 
the correction part to a displaying device. 

Accordmg to the present invention, though the amplification has a 
limitation not to lower the SN ratio, the combination of the amplification by the 
variable gain amplifier and the correction by the correcting part can 
automatically correct the video signals. Therefore, the camera can 
automatically adjust the brightness to make the image easy to see. 



B RIEF DF.SCRTPTTON OF THF, T^RAWJr^r.R 

The nature of this invention, as well as other objects and advantages 
thereof, will be explained in the following with reference to the accompanying 
drawings, in which like reference characters designate the same or similar parts 
throughout the figures and wherein: 

Fig. 1 is a block diagram showing a first embodiment of a camera 
according to the present invention; 

Fig. 2 is a graph diagram showing a relationship between a correction 
value and a brightness level of video signals; 

Figs. 3(a) and 3(b) are diagrams showing waveforms of video signal 
before correction processing and video signal after the correction processing, 
respectively; 

Fig. 4 is a flowchart showing a control procedure of a microcomputer of 
the camera in Fig. 1; 

Fig. 5 is a block diagram showing a second embodiment of a camera 
according to the present invention; and 



Fig. 6 is a flowchart showing a control procedure of the microcomputer 
of the camera in Fig. 5. 

DETAILBD DESCRIPTION OF THF. PT? EFERRRD FM ROnTMF.NT 

This invention will be described in further detail by way of example with 
5 reference to the accompanying drawings. 

Fig. 1 is a block diagram showing a first embodiment of a camera 10 
according to the present invention. As shown in Fig. 1, the camera 10 
P comprises a taking lens 12, a diaphragm 14, an imaging device (CCD) 16, an 

imaging signal processmg circuit 18, a microcomputer 20, an EEPROM 22, a 
5| 10 display controlling circuit 24, a displaying device 26 and a switch 28 for 
;^ choosing to command correction processing or not. 

The taking lens 12 is composed of one or more lenses, and it may have a 
J3 fixed focus or it may be a zoom lens or a step zoom lens that changes its focal 

ty length. 

p 15 Incident lights arrive at the CCD 16 through the taking lens 12 and the 

diaphragm 14, and the CCD 16 converts the lights into electric signals. The 
CCD 16 is driven by commands from the microcomputer 20, and signal electric 
charges stored in light-receiving sensors are sequentially read as the 
corresponding electric signals by CCD driving pulses. The CCD 16 has a drain 
20 through a shutter gate for draining unnecessary electric charges, and the shutter 
gate is controlled by shutter gate pulses so that the electric charges stored in the 
sensors are dramed. The CCD 16 has the electronic shutter function that 
controls the exposure time (shutter speed) with the shutter gate pulses. 

The signals read from the CCD 16 are inputted to the imaging signal 
25 processing circuit 18, which comprises an A/D converter, a gamma correcting 
circuit, a YC signal generating circuit, an encoder and a D/A converter to process 
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the imaging signals in accordance with commands from the microcomputer 20. 
In the imaging signal processing circuit 18, the imaging signals outputted from 
the CCD 16 are converted into digital signals, and gamma processing and 
chroma signal processing are performed, and the encoder converts the signals 
into video signals of the NTSC or the like, and the video signals are converted 
into analog signals, which are inputted to the display controlling circuit 24. 

The display controlling circuit 24 outputs signals that are needed for 
display to the displaying device 26 according to the video signals from the 
imaging signal processing circuit 18. The displaying device 26 displays an 
image according to the signals inputted from the display controlling circuit 24. 

The imaging signal processing circuit 18 also outputs the video signals to 
the microcomputer 20. The microcomputer 20 controls the whole system and 
performs various processings. The microcomputer 20 sends diaphragm control 
signals to the diaphragm 14 for controlling the diaphragm according to the video 
signals from the imaging signal processing circuit 18 so that brightness levels of 
the video signals are optimum, and the microcomputer 20 sends shutter speed 
control signal to the CCD 16 for controlling the shutter speed. 

Generally, the maximum shutter speed for an NTSC image is 1/60 second. 
Therefore, even if the diaphragm is increased and the shutter speed is 1/60 
second, the brightness levels are not optimum in a dark place. If the 
microcomputer 20 determines that the brightness levels can not be optimum 
when only the diaphragm and the shutter speed are controlled, the 
microcomputer 20 performs the correction processing with reference to a data 
table stored in the EEPROM 22. 

The data table stored in the EEPROM 22 shows correction amounts for 
obtaining appropriate brightness levels for display with respect to the brightness 
levels of the video signals. The microcomputer 20 obtains correction amounts 
(correction values) from the EEPROM 22 accordmg to the brightness levels of 
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the video signals received from the image signal processing circuit 18, which 
performs the correction processing for the video signals (luminance signals) 
before the D/A conversion in accordance with commands from the 
microcomputer 20. The video signals with appropriate brightness levels are 
5 inputted to the displaying device controlling circuit 24 and the displaying device 
26 displays the image. 

The switch 28 is used to choose to command the correction processing or 
not. The choice is inputted to the microcomputer 20, which sets one of a mode 
for performing the correction processing (correction mode) and a mode for not 

O iO performing the correction processing (non-correction mode). This switch 28 

' J may be omitted. 

m Fig- 2 shows the relationship between the correction values and the 

J i brightness levels of the video signals. As shown in Fig. 2, the lower the 

brightness level is, the larger the correction value is. The relationship does not 

jly 15 necessary have the linearity, and the correction processing may not be performed 
when the brightness level of the video signal is higher than a predetermined level 

:^ (the area denoted by (D) and the correction processmg may be performed only 

when the brightness level is lower than the predetermined level (the area denoted 
by (2)). The predetermined level is the limit level at which the brightness can 
20 be adjusted by the diaphragm and the shutter speed. 

Figs. 3(a) and 3(b) show waveforms of the video signal before the 
correction processing and the video signal after the correction processing, 
respectively. When the brightness levels of the video signal are low as shown 
in Fig. 3(a), if the video signal were inputted to the displaying device controlling 
25 circuit 24, the displayed image would be too dark to be seen. The correction 
processing raises the brightness levels of the video signal as shown in Fig. 3(b) 
to make the image bright and easy to see. The correction processing does not 
lower the SN ratio, unlike amplification by an amplifier. The correction 
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processing is performed before synchronous signals are mixed with each other 
not to affect the synchronous signals. 

The operation of the camera 10 will now be explained. Fig. 4 is a 
flowchart showing the control procedure of the microcomputer 20 of the camera 
5 10. After the processing starts (step 110), the microcomputer 20 receives the 
image signals from the image signal processing circuit 18 (step 1 12). Then, the 
microcomputer 20 calculates the exposure according to the image signals, and 
controls the diaphragm and the shutter speed (step 114). 

Next, the microcomputer 20 determines whether the brightness level of 
3 10 the image signals is higher or lower than the predetermined level (step 116). 
J The level of the luminance signal (Y signal) may be used, and the level of the G 

5 signal of R, G and B signals may be used. 

2 If the brightness level of the image signals is higher than the 
predetermined level at step 116, the process goes to step 126 without the 

rj 15 correction processing to command the image signal processing circuit 1 8 to input 
y the image signals to the displaying device controlling circuit 24, and the 

3 displaying device 26 displays the image. 

Meanwhile, if the brightness level of the image signals are lower than the 
predetermined level at step 116, the microcomputer 20 reads the condition of the 

20 switch 28 (step 118) and determines whether the correction mode has been set or 
the non-correction mode has been set (step 120). If the non-correction mode 
has been set at step 120, the process goes to step 126. In this case, the video 
signals are outputted from the image signal processing circuit 18 to the display 
device controlling circuit 24 without the correction processing. 

25 If the correction processing has been set at step 120, the microcomputer 

20 obtains the correction value from the EEPROM 22 according to the 
brightness level of the video signals, and then outputs the command (control 
signal) to the image signal processing circuit 18 for the correction processing 



(step 124). 

On receiving the control signal, the image signal processing circuit 18 
performs the correction processing. Then, the image signal processing circuit 
18 outputs the video signals to the display device controlling circuit 24 (step 
126). The displaying device 26 displays the image with the appropriate 
brightness, and the processing ends (step 128). 

According to the camera 10 of the present invention, when the subject is 
dark, the correction processing is automatically performed to make the image 
easy to see. Thus, the user does not have to adjust the brightness of the 
displaying device by a knob or the like, and therefore the camera 10 is easy to 
operate. In addition, a variable gain amplifier can be omitted, and the structure 
of the camera 10 is simple and the cost is low. Also, the correction processing 
does not lower the SN ratio, unlike the conventional amplification by the 
amplifier. 

Though the image can become easy to see by the correction processing, 
the image is largely different from the actual subject since the brightness of the 
image has been corrected. Therefore, it is preferable not to perform the 
correction processing when the image data is to be stored in a storage medium 
(not shown in Fig. 1). For example, when a moving image is being displayed, 
the correction processing is performed to make the image easy to see. When a 
shutter release button or a record button is pushed, the image data is stored in the 
storage medium without the correction processing. 

The storage medium may be a memory card, a video tape and an optical 
disc, and it can be read and rewritten in an electronic way, a magnetic way, an 
optical way, or a way into which at least two of the ways are combined. A 
recording device that stores image data in the storage medium may be integrated 
in the camera body, and it may be separate from the camera body and able to 
communicate with the camera by wire or wireless through a signal transmitting 
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device. 

Fig. 5 is a block diagram showing the second embodiment of the camera 
30 according to the present invention. The same blocks as those in Fig. 1 are 
denoted by the same reference numerals, and they will not be explained again. 
5 The camera 30 has a variable gain amplifier 32 that amplifies the image 

signals outputted from the CCD 16, and the amplified image signals are 
outputted to the image signal processing circuit 18. The gain of the variable 
gain amplifier 32 is determined according to a gain control signal inputted from 
the microcomputer 20. The microcomputer 20 controls the variable gain 
10 amplifier 32 according to the video signals received from the image signal 
processing circuit 18 so that the brightness levels of the video signals are 
appropriate. The EEPROM 22 stores a data table showing the relationship 
between the gain and the brightaess level of the video signals, the 
microcomputer 20 obtains the optimum gain from the data table stored in the 
15 EEPROM 22. 

Since the amplification by the amplifier has a limit, the camera 30 
performs the amplification by the variable gain amplifier 32 and the correction 
processing to make the brightness levels of the video signals appropriate. 

Fig. 6 is a flowchart showing the control procedure of the microcomputer 
20 20 of the camera 30 in Fig. 5. After the processing starts (step 210), the 
microcomputer 20 receives the image signals from the image signal processing 
circuit 18 (step 212). Then, the microcomputer 20 calculates the exposure 
according to the image signals, and controls the diaphragm and the shutter speed 
(step 214). 

25 Next, the microcomputer 20 determines whether the brightness level of 

the image signals is higher or lower than the predetermined level (step 216). If 
the brightness level of the image signals is higher than the predetermined level at 
step 216, the process goes to step 234 without the amplification and the 
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correction processing to command the image signal processing circuit 1 8 to input 
the image signals to the displaying device controlling circuit 24, and the 
displaying device 26 displays the image. 

Meanwhile, if the brightness level of the image signals is lower than the 
5 predetermined level at step 216, the microcomputer 20 finds the gain fi-om the 
data table stored in the EEPROM 22. Then, the microcomputer 20 determines 
whether or not the gain is effective (step 220). A range of the effective gain for 
not lowering the SN ratio has been previously determined, and the 
microcomputer 20 determines whether or not the gain is within the range at step 
10 220. 

^: as? 

Ci If yes, the microcomputer 20 outputs the gain control signal to the 

[J variable gain amplifier 32 to set the gain. The amplifier 32 amplifies the output 

li signals fi-om the CCD with the gain, and the amplified signals are outputted to 

the image signal processing circuit 18, which generates the video signals with 
Sir! 1 5 appropriate brightness values. 

; J Then, the process goes to step 234 to command the image signal 

O processing circuit 18 to input the image signals to the displaying device 

controlling circuit 24, and the displaying device 26 displays the image. 

If the gain is not within the range at step 220, the microcomputer 20 
20 outputs a gain control signal for setting an effective gain to the variable gain 
amplifier 32 (step 224). 

Then, the microcomputer 20 reads the condition of the switch 28 (step 
226) and determines whether the correction mode has been set or the non- 
correction mode has been set (step 228). If the non-correction mode has been 
25 set, the process goes to step 234. In this case, the video signals are outputted 
fi-om the image signal processing circuit 18 to the display device controlling 
circuit 24 without the correction processing. 

If the correction processing has been set at step 228, the microcomputer 
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20 obtains the correction value from the EEPROM 22 according to the 
brightness level of the video signals, and then outputs the command (control 
signal) to the image signal processing circuit 18 for the correction processing 
(step 232). 

5 On receiving the control signal, the image signal processing circuit 18 

performs the correction processing. Then, the image signal processing circuit 
18 outputs the video signals to the display device controlling circuit 24 (step 
234). The displaying device 26 displays the image with the appropriate 
brightness, and the processing ends (step 236). 

10 Also, in a camera with a zoom lens, the brightness changes from the 

wide-angle side to the telephoto side. Generally, the brightness of the lens and 
the brightness of the image when the lens is on the telephoto side are lower than 
those when the lens is on the wide-angle side. Japanese Patent Provisional 
Publication No. 5-2923 and 7-131701 discloses technology for automatically 

15 correcting the brightness of the lens and the brightness of the image with variable 
gain amplifiers. 

In this invention, however, the video signals are automatically corrected 
according to the brightness level of the video signals obtained from the imaging 
part so that the brightness level of the outputted video signals are appropriate, 

20 and brightness can be automatically corrected even if the zoom lens moves. 

As set forth hereinabove, the brightness level of the video signals 
obtained through the imaging part is determined and the video signals are 
automatically corrected to make the brightness level appropriate. This makes 
the image easy to see, and the user does not have to adjust the brightness of the 

25 displaying device by a knob or the like, and therefore the camera is easy to 
operate. 

In addition, a variable gain amplifier can be omitted, and the structure of 
the camera is simple and the cost is low. 




Also, the correction processing does not lower the SN ratio, unlike the 
conventional amplification by the amplifier. 

It should be understood, however, that there is no intention to limit the 
invention to the specific forms disclosed, but on the contrary, the invention is to 
cover all modifications, alternate constructions and equivalents falling within the 
spirit and scope of the invention as expressed in the appended claims. 



